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Abstract 
This paper reports on a technical and economic evaluation of an autonomous wind system for domestic electricity generation 
to be used in a secondary school located in a Sahel zone of central Africa. Indeed, development and application of renewable 
resources are very common in the industrialized countries as well as in some of the so-called third-world countries. With 
regard to Cameroon, this large country is characterized by a much-diversified climate and two distinct geographical zones, an 
equatorial region in the South and a Sahel region in the North. Application of renewable energy in this country could be very 
interesting not only in the development of its potential for electrical production but it could also be a solution for the rural 
electrification which remains a big challenge. The results presented in this paper entail the evaluation of the load profile of the 
end user and the dimensioning of an autonomous production system with storage, on the basis of wind potential of the site. A 
marginal evaluation of the cost of such an installation as well as an economic analysis of such a project is also discussed. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction 
In Africa, electrical energy is a burning issue: less than half of the population has access to electrical power 
supply. This situation, which is a real drawback in the development of the continent, could be improved knowing 
that currently it exists a real unexploited potential of renewable energies [1]. All over the world and thus, 
particularly in Africa and in the close environment of everyone, the energy freely available and the potential 
sources of electricity production are: water, sun and wind. For water, the hydroelectricity constitutes the first 
source of electricity in subequatorial African in addition to hydrocarbons. As for sun and wind energies, even if 
 4 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD) 
774   Bachirou Bogno et al. /  Energy Procedia  50 ( 2014 )  773 – 781 
the development of their exploitation is slow, many projects are taking place in this regard. The recourse to these 
both renewable energy sources can become very interesting in the development of electricity production on the 
African continent, and constitutes a viable solution especially for the electrification of sites isolated from the 
electrical power supply grid in rural areas. Particularly, all these developments around renewable energy sources 
are essential for providing electricity to people living in grid un-connected houses or villages, for people and cattle 
water supply and for agricultural irrigation in a sustainable approach.  
The present contribution presents the process involved in the development and sizing of an hybrid system 
dedicated to energy production taking into account the specifies of the geographic localization. The experimental 
example constituting the base of our study consists in the evaluation of the needs of electric energy requirement in 
a secondary school located in a rural area of central sub-equatorial Africa. The proposed system is based on a wind 
generator sizing for a specific load associated with a battery-accumulator system used as energy storage and 
production regulators. Specifically fin the aim of a possible development in subequatorial countries of Africa, an 
economic analysis of such an installation will then be carried out. 
2. Experimental context and initial parameters 
To illustrate our approach we have chosen a secondary school located in a rural area, recently inaugurated but 
not yet powered with electricity. The name of this school is the Maroua-Kongola High school. The adopted 
approach consisted at first, in the evaluation of the needs of electric energy requirement in this school. According 
to this electrical energy necessity and the local wind potential, the generation system of electricity was sizing with 
a bench of battery-accumulators, which can meet the needs for the school, even in weather conditions bad enough 
to cause the stop of the renewable source, ensuring thus the autonomy of the system.  
A schematic description of the hybrid system is given below. 
Fig. 1. Schematic description of the wind generation system 
The second step of the procedure after the achievement of the sizing of the generation system is to evaluate the 
cost of such an installation on the basis of local prices for those type of equipment. The choice was done to 
predominantly choose locally the equipment and for those that could not be found, to select them in catalogues of 
some equipment suppliers. Cost evaluation has been done, over a life time period of 20 years for the equipment 
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and compared with the cost of realization and consumption of such a request if the local electricity company of 
Cameroon had made the supply. Then the viability of such a project of development and exploitation of renewable 
energies in the Cameroonian context is discussed. 
2.1. Determination of the load profile of the consumer 
The Maroua-Kongola High school is located in the periphery of the town of Maroua in Cameroon. It consists of 
seven buildings sheltering classrooms for students from the grade 5 to grade 12 and administrative offices. There 
are electrical installations in the buildings but they are not connected to any electrical power supply.  
A summary of the needs in electrical energy of this installation is given in Table 1. 
 
Table 1. Electrical equipment and power consumption at Maroua-Kongola High School  
Equipment Unit power (W) number Total power (W) Time  used  (h) Energy required (kWh/d) 
Light bulbs inside the buildings 40 44 1760 5 8,8 
Light bulbs outside the buildings 40 18 720 12 8,6 
Total Pd1 = 2480  E1= 17,4 
 
 
Additional equipment IS considered for the improvement of the working environment and the comfort of teachers 
and students. They are summarized in Table 2. 
 
Table 2. Additional equipment to be installed at Maroua-Kongola High School 
Equipment Unit power (W) number Total power (W) Time used (h) Energy required (kWh/d) 
Sealing fan 35 30 1050 12 12,6 
Computer 200 02 400 8 3,2 
Radio set 12 03 36 8 0,3 
Photocopy machine 250 01 250 8 2 
refrigerator 100 01 100 8 0,8 
Maintenance     1 
Total Pd2 = 1936  E2 = 20  
 
The daily energy requirement is therefore 
ET = Ei = E1 +∑ E2 = 37, 4kWh / j   (1) 
Considering the previously established charge profile, the annual consumption of the high school is equal to Ca = 
365 ET. Thus, the annual requirement is estimated to be 13.7 MWh. 
2.2. Evaluation of the wind energy generation potential of the site 
The data used in this evaluation (Table 3) are those obtained from the meteorology station at the Maroua-Salak 
airport area, a location very close to the site under investigation.  
For estimate the potentiality link to the wind speed in the considered area, we have used the continuous 
probability law attributed to Weibull [2]. This law is often used in the field of analysis of the lifetime. The 
Weibull distribution (figure. 2a) is a probability function whose sum is equal to unity. In the present study, it gives 
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an idea on the variations of wind speed over the year as it has been experimentally measured. The Weibull 
distribution of the wind speed (Fig. 2a) on the site and that of the compass card (Fig. 2b) was obtained by the use 
of the free software ALWIN environment [3].  
 
Table 3. Meteorology data of the site 
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Monthly average wind speed (m/s) 7 7 7 8 8 8 10 8 8 8 6 7 
Monthly wind direction 36°N 35°N 36°N 18°N 18°N 18°N 18°N 18°N 18°N 18°N 36°N 36°N 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Weibull distribution of the wind speed at Maroua Salak Airport; (b) Compass card on the investigated site 
(b) 
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The analysis of the so obtained fitting results points that the wind speed mean value is about 8 m/s on our site, 
a value that falls in the interval of wind mills installation, which lays within the range 4 to 25 m/s [4]. The 
compass card of the wind gives information about the direction of the wind in a given period. It is worth noting 
that the privileged direction of the wind is towards North-East. To obtain wind speed data at a required height, one 
must carry out a vertical extrapolation of the wind speed generally measured with the standardized height of 10 
meters above the ground. The vertical extrapolation of the wind speed is governed by its gradient, which depends 
on altitude H above the ground and describing the speeds variation law as [5]: 
V(H) = Vo × H
Ho
⎛
⎝⎜
⎞
⎠⎟
α
  (2) 
where Ho  is the height of the anemometer equal to 10 meters above the ground in the current study; Vo  is the 
corresponding annual average speed equal to 7.67 m/s for the investigated site; α the roughness coefficient of the 
surface, characterizing shear by the wind. 
 
Table 4. Variation of the roughness coefficient  as a function of surface characteristics 
Surface characteristics Amplitude of surface undulation h0 in cm Exponent  
Even surface  0 to 20 0.08 to 0.12 
Fairly even surface   20 to 200 0.13 to 0.16 
Uneven surface 1000 to 1500 0.2 to 0.23 
Very uneven surface 1500 to 4000 0.25 to 0.4 
 
Indeed, the roughness coefficient α varies following the law described in Eq. 3 [5] 
α= 0,096 log(h0 ) + 0,016 log(h0 )2  + 0,24   (3) 
In the case of the site under investigation, the surface is considered to be fairly even and therefore a value of 
0.13 is chosen for the exponent α. Having very few obstacles (few trees of not more than 10m height), a mast of 
20 meters above the ground is considered. The annual wind speed average wind corresponding to this height is 
then calculated according to Eq. 2, as 
V (H=20 m) = 7.67 x (20/10)0.13   (4) 
Eq. 4 allows us to deduce the annual average speed at 20 meters above the ground found equal to V= 8.57 m/s 
equivalent to 30.85 km/h. To this average speed corresponds a windmill extractable maximum potential, which is 
obtained by the Betz’s law in Eq. 5 [4, 5] 
P = 0.29 D2V3 =182.5 D2   (5) 
In Eqs. 5, D is the diameter of the rotor of the wind turbine. 
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3. Sizing of the wind turbine generator 
From experimental data, Eq. 1, we have calculated the average power consumption of the High school 
installations equal to Pc = ET / 24 = 37.4 / 24 = 1.56 kW/h.  
There are two possible approaches for the sizing of the wind turbine.  
In the first approach, called “bottom-up approach”, the required diameter of the rotor necessary to such power 
is determined. According to Betz’s law, the theoretical maximum extractable power needs to satisfy Pc. The global 
efficiency of the whole generation system ∏η  is a result of the efficiency of the wind turbine associated to the 
battery, the regulator and inverter. Thus, the generated power Pf = P ×∏η  must be equivalent to the average 
power of the charge Pc so that, we can write 
D = Pc
182.5×∏η   (6) 
Within the values given by the manufacturer, one can expect a global efficiency of our system equal to
∏η = 0.58 . Thus, Eq. 6 gives the diameter of the wind turbine rotor equal to 3.84 meters, ensuring to sustain the 
electric energy demand and the proper operation of the hybrid system. Nevertheless, among all the catalogues 
found, no wind turbine corresponds, not even close, to these requirements. As a consequence, the conclusion that 
can be drawn from the bottom-up approach is the obligation to over sizing the wind-turbine to satisfy the needed 
power that will straightforwardly induce an over cost in the installation of the hybrid system. 
In the second approach, called “down approach”, a wind turbine is chosen from the manufacturer catalogues, 
accordingly with the potential of the investigated site and the rest of the installation is sizing as a consequence.  
 
Table 5. Characteristics of wind-turbine HUMMER 1000  
Windmill HUMMER 1000 
Nominal speed 8 m/s 
Height of the mast 20 m 
Blades diameter 3,1 m 
Area of the blades 7 m² 
Number of propellers 3 
 
 
In our application example, the HUMMER 1000 [6] is chosen as wind turbine reference as its characteristics 
correspond to the data related to the parameters selected for the site, One can find the characteristics of this wind-
turbine summarized in Table 5. Whereas the parameters of the site under study, the power that such a wind-turbine 
is able to generated is then equal to Pf = 832.6 W. The average power consumption of the High school 
installations being equal to Pc = 1.56 kW/h, the number NE of wind turbines necessary is thus equal to NE = Int (Pc 
/ Pf +1), where Int represents the integer value of the quotient of the division. In this application, 2 wind turbines 
of the selected type must be associated in the system. This will assume a daily power production in the best 
scenario equal to 39.96 kWh, yielding an annual total of 14.6 MWh. 
4. Sizing of the batteries bench 
The choice of the batteries is made by taking into account the capacity, the load time, the depth of discharge, and 
the weight of the batteries. The product availability and cost are also two important parameters that have to be 
taken in consideration. IBCC limited [7], a local company sells commercial batteries whose characteristics are 
summarized in Table 6 
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Table 6. Various types of batteries available for the project 
Type Nominal voltage(V) Capacity (Ah) Price (Fcfa) Price (€) 
Lead battery 2 420 200305 305,34 
Lead battery 2 490 219380 334,42 
Lead battery 6 300 447047 681,47 
Gel battery   (FIAMM) 12 100 180000 274,39 
Gel battery   (FIAMM) 12 200 315000 480,18 
 
Lead batteries with nominal voltage of 6 V and capacity of 300 Ah were chosen because they have a better 
tolerance to the high temperatures that prevail in the region. They can be put together in series and or parallel to 
obtain 6, 12 up to a maximum of 24 volts. Their maximum lifetime is 10 years. To determine the number of 
batteries, the most unfavourable month for wind is considered, which is in our case, November for which the 
average wind speed is 6 m/s. We have considered a usual standard delay for this kind of installation necessary to 
assume a full autonomy of the installation equal to 3 days. Under these conditions, the total energy necessary to 
store is given by  
E = 3× ET = 3× 37.4 =112.2kWh   (7) 
We have also considered the depth of discharge of each battery equal to 80%. The total nominal capacityCn  is 
given by  
Cn =
Cbt
80%× ηb   (8) 
This value must be compared with the total storage capacity of the batteries Cbt given by capacity,  
Cb = E Ub   (9) 
with Ub , the voltage at the battery terminals. In order to obtain an output voltage of 24 V, four batteries must be 
connected in series forming a unit branch of 300 Ah and given the number of battery equal to Nb = 4 ( Cn / Cb ).
  
The total energy to be stored in the batteries is thus equal to 4675 Ah that achieved 7304 Ah when the depth of 
discharge of battery is taken into consideration. Thus 98 batteries of this type are necessary in the hybrid 
generation system. Nevertheless, as the mean life time of the batteries is the half of this of the wind-turbine, new 
investments taking into account possible improvement technology needs to be considered in about 10 years.  
Thus, at this initial phase of the project, we are obliged for its economic part to act a double quantitie of batteries 
for 20 years lifetime of our installation, yielding the necessity of 196 batteries. 
5. The regulator and inverter  
For the sake of security, it is worth knowing that the battery-accumulators must chosen in such a way that 
generated maximum current does not exceed 1/10th of their rated capacityQ so that they are not damaged during 
loading. This is expressed by equation (15). 
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IM <Q 10 = 300 10 = 30A   (10) 
Table 7. Various regulators and inverters available for the project. 
Equipment Brand name Voltage (V) Intensity (A) Price (Fcfa) Price (€) 
Regulator PR1515 STECA 12-24 15 84460 128,75   
Regulator PR3030 STECA 12-24 30 119380 181,98   
Regulator PR2020 STECA SIGMA 12-24 20 66198 100,91   
Inverter MOTORMATE 12/230 15 77000 117,38   
Inverter with integrated regulator STUDER 24/230 15 360658 549,78   
 
Although, all regulators can satisfy the specifications. As he chosen solution for batteries privilege operations 
under 24 V, the choice was done on the regulator/inverter 24/230-15A. 
6. Analysis of the economic viability of the hybrid system 
In this part of the application realization, we analyze two possible scenarios. Each scenario induces their own 
infrastructures and development costs. Due to the localization of the area chosen for the present development, 
whether the grid-connected scenario or the scenario based on the Hybrid renewable energy system, we can 
estimate that additional costs and expenses (by example, due to transport, technical expertise, labor, rental electric 
meter (in the first scenario), room for batteries (in the second scenario),…) achieve the same level. As a 
consequence, considering equivalent additional financial charges in both scenarios, we can disregards its in the 
establishment of the comparison.  
6.1. Grid-connected solution 
We remember that the annual consumption of the school as deduced of the environment analysis presented in the 
first paragraph (Ca =13.7 MWh). If the conventional grid-connected solution was chosen, the corresponding 
annual financial charge, at current cost, would have been about 1 301 500 Fcfa. (In 2013, the kWh is charged 95 
Fcfa by the Cameroon national company for electric power supply AES-SONEL). The total cost, along the project 
duration of 20 years will achieved a total costs of 26 Million of Fcfa or 39 k€. 
6.2. Hybrid renewable energy system 
In the cost of the hybrid system, the investment and energy production parts have to be considered. For the 
investment and considering the simplifying hypothesis enounced above, the total cost, CTot is the sum of the 
individual cost Ci of the constitutive elements of the hybrid system with i corresponding to the wind-turbine, the 
batteries and the inverter. Within the manufacturers data, the hybrid renewable energy system as it has been sized 
in this study achieves a total cost of about 89 Million Fcfa or 136 k€. For the second aspect link to the energy 
production with the two wind-turbine, the annual power generation in the best scenario equal to 14.6 MWh, as 
calculated above will correspond to about 27 Million Fcfa or 42 k€. 
7. Conclusion 
We have presented a complete analysis of an electrification of a grid un-connected rural school located in sub-
Saharan region. The sizing of an hybrid electricity generator was done taking into account the faisability of the 
project in this African area, the possibility of maintenance, the reliability of the solutions adopted and their costs 
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as well in investments as during all the lifetime of the project. One of the interest of the current study is the 
analyse of the integration of wind turbines in grid un-connected electricity generator, even if, in this countries, one 
can primary think to solar generators. Thereby, for all the lifetime of the project, at current rates, the hybrid 
solution based on wind-turbines and a bench of batteries possesses a lower cost of around 10%. Thus, considering 
at first only the financial aspect, the wind energy presents an advantage to the use of the conventional connected 
solution. In a future approach, this study will be improved by the study of the possibility to integrate also 
photovoltaic sources in the installation. However, the interest of the project lies in its “clean” and renewable 
aspects being an interesting example of possible answer to the demand of electrical power supply in the rural areas 
isolated from the network of electricity. Moreover, with the increase of the cost of non-renewable fossil energy 
and with the recent technological progress, such a project will become definitively viable very soon. 
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